Introduction
Smoke inhalation mass casualty incidents are rarely encountered in Singapore. To date, no such incident has been reported in our local literature. We recently had to deal with a large-scale smoke inhalation incident in which 22 patients were brought to the Emergency Department of Changi General Hospital, which is a 500-bed community-level hospital serving the eastern part of Singapore without an in-house burns unit. We described here the triage criteria that were modified and adopted for such a unique mass casualty incident. Early fibre-optic examinations, chest radiography and measurement of carboxyhaemoglobin levels with arterial blood gas analyses were used to designate appropriate treatment and disposal plans.
Materials and methods
On 8 November 2005, just after midnight, the Emergency Department of Changi General Hospital was alerted to a fire that had broken out at a playground located just next a block of condominiums in a nearby housing estate about 4 km away. Some vandals had set fire to the structures of the playground and, as the materials of the swings, slides and ground surface protective mats were being consumed by fire, they released large amounts of billowing smoke. The materials included rubber, plastics, polyurethane foam, wood and paint. According to accounts from the paramedics and patients, the flames rose as high as the first storey while the plume of smoke rose as high as the 10th floor before dispersing.
Over the next hour, 22 patients were evacuated to our emergency department. They had various degrees of respiratory symptoms after exposure to the smoke, which formed the basis for the paramedics' decision to evacuate them. The department was reorganized to cope with the sudden influx and extra staff was called back. Ambulances conveying patients not involved in the incident were diverted. Existing patients in the department were informed of the situation and those with less severe conditions were advised to seek consultation elsewhere or expect to wait should they choose to stay.
Moreover, the nature of the insult made it imperative to decide quickly which patient was at risk for airway burn oedema and hence the need for early intubation and mechanical ventilation. As the smoke included fumes generated by burning of synthetic materials, we also had to be mindful of possible poisoning by carbon monoxide, cyanide and various other chemical agents. With these considerations in mind, we decided to triage the patients into three groups ( Patients were then assessed for symptoms and signs suggestive of possible inhalational injury, namely singed facial hair or eyebrows, singed nose hairs, stridor, wheezing, cough with carbonaceous sputum, hoarseness, carbon deposits and acute inflammatory changes in the oropharynx [1, 2] . If any of these were present, such a patient would require a fibre-optic examination up to the level of the vocal cords, a chest radiograph and a carboxyhaemoglobin level with arterial blood gas analysis.
Fibre-optic examinations were performed by doctors from the anaesthesia and otolaryngology teams on call that day.
The following information was also obtained from the patients: the level of their housing units, the estimated smoke exposure time and whether they were trapped in confined spaces.
Results
Twenty-one residents and one fireman were affected, making a total of 22 patients. Their ages ranged from 1 to 85 years, with a mean age of 38.7 years. Three patients were under 10 years of age. While the plume had been observed to rise as high as the 10th storey, almost all the patients who were evacuated to the hospital had resided on the lowermost five storeys (except one from the 10th storey).
Of the 22 patients, seven had been classified as priority 3 ( Table 1 ). Although these patients had inhaled smoke and had coughing initially, their exposure times were less than 5 min and they were not in confined spaces. All of them had improved and were asymptomatic by the time they were examined in the emergency department. This was at about an hour or so on average after the fire began. Although they had soot on their faces, the soot did not extend into the nose or pharynx on examination. They had good oxygen saturation on room air, with normal respiratory rates and normal lung auscultation. It was decided that these patients needed no further investigations. They were discharged with advice to return to the emergency department should any problems arise. Up to a week later, none had done so.
The remaining 15 patients were still symptomatic at the time of examination about 1 h later, with chief complaints of coughing, throat discomfort and dyspnoea. None had stridor or hoarseness of voice. All of them had been exposed to smoke for periods ranging from more than 5 min to 1 h, with four of them having been trapped in confined spaces. Most of them had carbonaceous particles upon coughing and soot in their nostrils and pharynx on bedside examination. Only one had a skin burn (1% minor burn of the upper limb). A fibre-optic examination was performed for all 15 patients. Six were normal, five had soot in the upper respiratory tract without swelling and four had soot with mild swelling of the larynx, epiglottis and vocal cords. The latter four were admitted. Out of these four admitted patients, one had an elevated carboxyhaemoglobin level of 25.7% (after being trapped in confined space for an hour). Another patient had an elevated level of 3.2% and was also admitted. The rest had negligible levels of carboxyhaemoglobin. Baseline chest X-rays were done for 14 patients (one lady was pregnant) and they were normal. One of the patients who was known to be asthmatic developed bronchospasm and was also admitted. A total of six patients were admitted to the general ward under the Department of Internal Medicine. The remaining nine were discharged after a period of observation for 3 to 4 h. None returned to the emergency department during the following week.
In the general ward, both patients with raised carboxyhaemoglobin levels were given oxygen supplement and this was sufficient to bring the levels back to normal without the need for hyperbaric oxygen treatment. The oedema of the upper airway in the four patients also resolved satisfactorily with confirmation on repeat bronchoscopy. Five of the six admitted patients were discharged within 2 days. One patient stayed 3 days as he developed post-traumatic stress disorder and had to be counselled and followed up after discharge by the psychiatrist.
Discussion
The American Burn Association, in their practice guidelines published in 2003 [3] , has recommended that the diagnosis of inhalational injury be supported by the following:
1. One or more specific points in the history (closed space, exposure to hot gases, steam or products of combustion) 2. Physical examination (singed vibrissae and carbonaceous sputum) 3. Bronchoscopy findings 4. Laboratory findings of elevated carboxyhaemoglobin or cyanide levels, abnormal xenon or technetium lung scans.
It is their recommendation that such patients be sent to a burns centre.
As Changi General Hospital is a 500-bed community-level hospital in the eastern part of Singapore without an inhouse burns unit, these are useful guidelines when managing single episodes of inhalational injuries in our emergency department and considering the need for transfer to a tertiary hospital with a burns center. In a smoke inhalation mass casualty incident such as this, however, the influx of patients needs to be rapidly triaged and designated to appropriate treatment and disposal plans. Although there were no similar preceding events to draw experience from, we managed to come up with the triage criteria and the respective management plans ( Table 1) after discussion between the emergency physicians, the otolaryngologists and the anaesthetists. It has worked well in our situation in the decision of patient disposal for those designated priority 2 and 3. As we did not have any priority 1 cases, we are unable to comment on the validation of this criteria. Nonetheless, we believe that its usefulness can be further investigated should there be another mass casualty incident in which the majority of victims suffer smoke inhalation without burns.
In an ensuing literature search, we came across Mushtaq and Graham's paper [4] in which they did a retrospective case note review on 57 smoke inhalation patients who presented to the accident and emergency departments of three Scottish hospitals. They were classified into one of five categories:
1. No burns, normal vital signs and examination 2. No burns, abnormal vital signs and examination 3. Minor burns ( < 15% total body surface area) with or without abnormal vital signs and examination 4. Major burns ( > 15% total body surface area) 5. In cardiac arrest on arrival They then studied the roles that carboxyhaemoglobin levels, arterial blood gases and chest radiographs (but not bronchoscopy) played in helping the emergency physicians decide on the disposal of category 1 and 2 patients. Their conclusion was that the arterial blood gases, chest radiography and carboxyhaemoglobin estimation rarely influence immediate management. Patients presenting with normal vital signs, normal examination and short smoke exposure could be safely discharged from the emergency department without further investigation. We feel that this classification may not be applicable to a mass casualty incident as it was based on records of single patient visits. In addition, the series did not study the usefulness of fibre-optic examination, which we consider essential. Other limitations included the small numbers and the retrospective nature of their study; in which 63 other patients had to be excluded because of incomplete records.
In smoke inhalation cases, airway assessment remains a priority with an emphasis on securing the airway early if there is suggestion of upper airway oedema from the thermal insult. Some authors, however, have cautioned that the potential threat of poisoning from byproducts of combustion [2, [5] [6] [7] [8] in such patients should not be overlooked (see Table 2 ). This is a very real consideration in our case, as the materials combusted in the playground fire were mainly plastics, rubber, polyurethane foam and wood. Cyanide is particularly dangerous as it is a cellular asphyxiant (inhibits the aerobic glycolytic pathway in Kreb's cycle). When it occurs together with carbon monoxide poisoning, the combination is especially lethal. Symptoms include headache, nausea, dizziness, disorientation and, in the later stages, seizures and lifethreatening arrhythmias. As it is treatable with sodium thiosulfate and amyl and sodium nitrites, physicians should make an effort to identify cyanide poisoning early. This is, however, easier said than done as there is unfortunately no convenient and rapid assay of hydrogen cyanide levels, unlike the assay for carboxyhaemoglobin. No specific antidote treatment exists for the other irritant (acrolein, aldehydes, ammonia, chlorine, hydrogen chloride, phosgene, sulfur dioxide) and asphyxiant gases (methane, carbon dioxide) found in smoke. Supportive care and oxygen remain the cornerstones of treatment and mechanical ventilatory support is often necessary.
Most victims of mass casualty incidents involving smoke inhalation have coexisting thermal burns in the reported literature [9] [10] [11] , and the combination of both leads to high mortality rates in such situations. The notable exception is perhaps the Happy Land Social Club fire of 1990 in New York City [12] , in which there were 87 deaths due to smoke inhalation, with only 30% of the victims having thermal injuries, most of which were partial thickness burns involving less than 20% body surface area. Almost all the victims who died in the above situations were trapped in buildings. Our situation was therefore fortuitously unique in that none of the victims had significant dermal burns, save for one with a small burn to the upper limb. The thermal load of the smoke would also have been far greater if the victim had been inhaling it in a closed environment. Again, as the majority of our patients were not trapped in confined spaces, we had low mortality and morbidity rates. Of the four who were trapped in their flats, fibre-optic examination of their upper airways revealed only mild oedema not needing intubation. This could be because the fire was on the ground floor, so by the time the smoke particles had reached the upper floors, it had cooled sufficiently to be unable to cause serious airway burns when inhaled.
While bronchoscopy is considered the 'gold standard' for early evaluation of upper airway injury [2, 3] , there is no good way to evaluate pulmonary injury early, as these injuries evolve over time and parenchymal lung dysfunction can be minimal for 24-36 h [3] . Initial chest radiographs are often non-specific [2, 3, 13] , such changes taking place over the next 1-2 days. Our decision in performing the chest radiographs was to get a baseline for which later comparison could be made should repeat Xrays become necessary. In view of all the X-rays being normal in our series, however, such a practice might be discouraged in future, except in cases in which patients have underlying lung disease such as asthma, bronchiectasis or chronic obstructive lung disease.
As a community-level hospital without an in-house burns unit, mass casualty incidents involving inhalational injury such as this could potentially overwhelm our resources. Fortunately, active participation in hospital disaster drills has been very helpful in the organization and coordination of efforts during this incident. There was good communication among the various disciplines involved and little confusion was encountered. Even so, plans are being reviewed so that should similar incidents happen again, we would have the capacity to deal with such patients, including those with coexisting burns. This is especially so in the aftermath of bomb blasts in Bali and Madrid caused by terrorism, in which many of the victims who survived the initial blasts later suffered burns and smoke inhalation from resulting fires. One of the lessons learnt was that our hospital should have the capability to carry out fibre-optic examinations in the initial stages of such a disaster. In our case, we were able to call upon the anaesthesia and otolaryngology teams on call to perform the examinations within the first 90 min of the disaster activation. If the numbers had been larger, we could also have called upon the respiratory team (four such specialists in our hospital). Of more concern is the need for more ventilators. On the basis of the current number of mechanical ventilators available to us, we postulated that if half of the 22 patients had needed intubation, we would have to activate and transfer patients to another two hospitals via the national disaster response plan. This was the experience of the Federal authorities in charge who dealt with the Rhode Island Nightclub fire in 2003, where they had to deal with 215 burn victims [10] . In their situation, besides transferring patients to hospitals in other states, they managed to urgently borrow mechanical ventilators from medical supply companies as well as the United States army.
Conclusion
Smoke inhalation mass casualty incidents in the absence of dermal burns are rarely seen. We suggest a way of triaging the patients into three groups on the basis of their respective circumstances at scene, symptoms and signs. Fibre-optic examinations, chest radiographs and carboxyhaemoglobin levels with arterial blood gas analyses are further used to help in disposal plans. Community hospitals can manage priority 2 and 3 patients, thus conserving beds in specialized burns centres for priority 1 patients. Physicians caring for such patients should also recognize that systemic injury and poisoning by toxic fumes (both chemical asphyxiants and irritant gases) often coexist with airway burns. Lastly, disaster planning and frequent drills at both local and national levels will optimize the response to future mass casualty incidents.
